Abstract. The aim of the present study was to determine whether an increase in resting energy expenditure (REE) contributes to the impaired nutritional status of Gambian children infected by a low level of infection with pathogenic helminths. The REE of 24 children infected with hookworm, Ascaris, Strongyloides, or Trichuris (mean Ϯ SEM age ϭ 11.9 Ϯ 0.1 years) and eight controls without infection (mean Ϯ SEM age ϭ 11.8 Ϯ 0.1 years) were measured by indirect calorimetry with a hood system (test A). This measurement was repeated after treatment with 400 mg of albendazole (patients) or a placebo (controls) (test B). When normalized for fat free mass, REE in test A was not different in the patients (177 Ϯ 2 kJ/kg . day) and in the controls (164 Ϯ 7 kJ/kg . day); furthermore, REE did not change significantly after treatment in the patients (173 Ϯ 3 kJ/kg . day) or in the controls (160 Ϯ 8 kJ/kg . day). There was no significant difference in the respiratory quotient between patients and controls, nor between tests A and B. It is concluded that a low level of helminth infection does not affect significantly the energy metabolism of Gambian children.
It has been well established that helminth infections affect the growth of children living in developing countries and that the treatment of these infections improves their nutritional status. [1] [2] [3] [4] [5] [6] [7] [8] [9] The mechanisms by which this improvement occurs are still unclear. It can result from the occurrence of negative energy and nitrogen balances. To explain these negative balances, a decrease in appetite and a decrease in nutrient digestion and absorption were reported. [2] [3] [4] [10] [11] [12] However, whether an increase in energy expenditure due to helminth infection also contributes to this negative energy balance, as suggested by some investigators, is an unanswered question. 5, 11 To our knowledge, the effect of helminth infection on resting energy expenditure has not been studied in infected children. The Gambian children that we studied had a low worm load, but it is likely that it affected their nutritional status. 13 Therefore, we measured resting energy expenditure (REE) of infected children before and after treatment with albendazole to determine if an increased REE may affect their nutritional status. There are several methods for measuring energy expenditure. In our study, we used indirect calorimetry; energy expenditure is derived from measurements of oxygen consumption and CO 2 production. This method also enables us to calculate the respiratory quotient (RQ), i.e., the CO 2 production divided by the oxygen consumption, which is an indicator of the type of fuel used.
SUBJECTS AND METHODS
Environmental conditions. The study took place from July to August 1993 in Keneba, a rural village of the West Kiang district of The Gambia in west Africa. The life conditions in this village have been extensively described previously. 13, 14 Helminth infection is frequent in this community, especially among children. 13 Subjects. Forty-two children 11-13 years of age had their stools tested for helminth infection on three occasions. Thirty-three (79%) tested positive for helminths in at least one sample and nine tested negative in all three samples. The worm load was low in this population (Table 1) . This is probably due to the easy access to a medical facility in which children are not routinely treated for helminth infections, but are frequently treated if they show symptoms of infection. Acceptance to participate in the study was obtained from their parents after a detailed explanation of the procedure. Of the 33 infected children 31 took part in the study; eight noninfected children served as controls. To keep the group as homogenous as possible, we limited the study to the children who were infected with at least one nematode and eliminated three children who were infected only with Hymenolepis nana. One of the girls was already menstruating, a condition that can affect short-term metabolic changes. One child did not complete the study because he had to leave the village during the study period. Two children still tested positive for pathogenic helminths after treatment. These seven children were removed from the study leaving a total of 24 infected and eight control subjects. The physical characteristics of the subjects, the type of worm infection, and egg counts are listed in Table 1 . During the study period, none of the children suffered from any other disease. The study protocol was submitted to and approved by the Medical Research Council/Gambian Government Ethical Committee.
Anthropometry. Body weight was measured in fasting conditions with an accuracy of 0.1 kg (KIPFER scale, Modell DPW 150; Peter Kipfer, Apparätebau, Jegenstorf, Switzerland), with the child being dressed in light underwear. The weight-for-age and the height-for-age standard deviation or Z-scores (WAZ and HAZ) were calculated using the Anthro Software (Division of Nutrition, Centers for Disease Control and Prevention, Atlanta, GA and World Health Organization, Geneva, Switzerland).
The upper arm circumference was assessed by a measuring tape on the left arm. 15 Body fat was assessed by measuring skinfold thickness at four different sites (biceps, triceps, sub scapular and supra-iliac) with a calliper (Holtain, Ltd., Crymych, United Kingdom), which allowed measurements with a precision of Ϯ 0.2 mm. 15 The mean body fat and fat free mass (FFM) were calculated using the equation of Brook. 16 Experimental design. Stool analysis was carried out on fresh stools on three different days using the formalin-ether method and the estimation of worm load, expressed as eggs per gram of feces (e/g), by averaging the calculated worm load on three samples. 17 The child's REE was measured in the early morning over a 30-min period in the fasting state by indirect calorimetry using a ventilated hood system placed in a respiratory chamber in which the ambient temperature was maintained at 28 Ϯ 2ЊC (test A). 18 A detailed description of the method used in Keneba was reported elsewhere. 19 On the same occasion, anthropometric measurements were carried out and axillary temperature was measured with a mercury thermometer. The ambient temperature was kept in a comfortable zone to avoid the occurrence of shivering or sweating, which can affect energy metabolism.
After these measurements, the infected children received a single dose of 400 mg of albendazole and the control group received a placebo in a blind fashion under supervision of a staff member. Fourteen to 33 days later, a new stool sample was taken and the same calorimetric and anthropometric measurements as for test A were carried out (test B). All children tested negative for pathogenic helminths at this point. One negative stool examination does not rule out a continuing mild infection, but it probably means that a significant decrease in worm load took place.
Analysis of results. The results are expressed as the mean Ϯ SEM. Statistical differences were assessed by using a paired Student's t-test when comparing two situations and an unpaired t-test when comparing the two groups. The level of significance was chosen as P Ͻ 0.05.
RESULTS
Anthropometry and axillary temperature. The patients and the controls did not differ significantly in age, weight, weight-for-age standard deviation or Z-score, upper arm circumference (17.7 Ϯ 0.2 versus 18.2 Ϯ 0.4 cm), skinfold total (17.3 Ϯ 0.5 versus 19.0 Ϯ 1.7 mm), FFM, and mean body fat ( Table 1 ). The patients were slightly shorter than the controls (P Ͻ 0.01), even when expressed as height-for-age Zscores (P Ͻ 0.01; Table 1 ).
The weight did not change significantly between tests A and B either in the patients (28.8 Ϯ 0.7 versus 28.6 Ϯ 0.7 kg) or the controls (30.5 Ϯ1.1 versus 30.4 Ϯ 1.1 kg). There was no change in FFM during the study period in the patients (25.7 Ϯ 0.6 versus 25.4 Ϯ 0.6 kg) or in the controls (27.6 Ϯ 0.9 versus 27.5 Ϯ 0.8 kg).
The axillary temperature was not significantly different in the two groups; test A: patients ϭ 36.5 Ϯ 0.1ЊC versus con- Resting energy expenditure and respiratory quotient. At the onset of the study (test A), the REE, measured in kilojoules per minute (kJ/min), was similar in the group of patients (3.13 Ϯ 0.05 kJ/min) and the group of controls (3.13 Ϯ 0.07 kJ/min). For the analysis of the results, the REE values were normalized for FFM and expressed in kJ/kg·day: patients ϭ 177 Ϯ 2 kJ/kg·day and controls ϭ 164 Ϯ 7 kJ/kg·day. The REE measured after treatment (test B) did not differ significantly from the value before treatment (test A) (Figure1) in both groups. The difference in REE between tests A and B was similar in the patients (Ϫ3.2 Ϯ 1.9 kJ/kg·day) and the controls (Ϫ3.9 Ϯ 2.3 kJ/kg·day); however, this difference was not significantly different from zero.
The RQ in test A was similar in the patients (0.897 Ϯ 0.013) and the controls (0.897 Ϯ 0.021) and did not change significantly in test B: patients ϭ 0.911 Ϯ 0.011, controls ϭ 0.911 Ϯ 0.017 (Figure 2 ).
DISCUSSION
The deleterious impact of helminth infection on growth in children is probably explained by the occurrence of negative energy and nitrogen balances. [2] [3] [4] 6 The negative energy balance stems from a diminution of appetite, an impairment of intestinal digestion and absorption of nutrients or an increase in energy metabolism. 2, 4, [10] [11] [12] A combination of these three factors might explain growth failure. Among the subjects, four children had diarrhea that could have affected their intestinal absorption. In the present study, the changes in energy metabolism were investigated without attempting to delineate the effect of helminth infection on food intake or intestinal absorption. Resting energy expenditure was measured on a short-term basis and we cannot exclude that total energy expenditure could be altered by helminth infection. However, it is most likely that if helminth infection affects energy expenditure, it would alter resting energy expenditure, and not the energy expended for physical activity.
According to the National Committee for Health Statistics (Rockville, MD) standards, the WAZ of the children averaged Ϫ1.7 Ϯ 0.1 (Ϯ SD) for the patients and Ϫ1.5 Ϯ 0.2 for the controls (Table 1) . 20 This difference was not significant, unlike the difference in HAZ between the patients (Ϫ1.5 Ϯ 0.2) and the controls (Ϫ0.5 Ϯ 0.3). These results illustrate that the growth retardation associated with helminth infection is more of a chronic than of an acute nature, affecting the height more than the weight of the children as was observed previously. 7 It is not clear if a common cause such as poorer living conditions explains both helminth infection and growth retardation or if helminth infection is itself a reason for growth retardation.
It is interesting to note that the mean value of body weight and FFM did not change significantly throughout the study. The duration of the follow up was only a few weeks. This short period may explain why our results differ from those previously published, which showed an improvement in nutritional status after the treatment of helminth infection. 1, 2, 4-9
The REE was not significantly different in the patients and in the controls (177 Ϯ 2 kJ/kg . day versus 164 Ϯ 7 kJ/kg . day). This demonstrates that REE is not influenced by a low level of helminth infection. Furthermore, when the infected children were treated, REE did not decrease significantly. With the sample size and standard deviation of REE, we would have had more than a 99% chance to detect a 5% change in REE with a P Ͻ 0.05. In a subsample of eight children with an heavier worm load (hookworm Ͼ 500 e/g or Ascaris Ͼ 1,000 e/g) the REE did not change significantly (from 180 Ϯ 5 to 182 Ϯ 6 kJ/kg . day. In this subgroup, we would also have had more than a 99% chance to detect a 5% change in REE with a P Ͻ 0.05. Therefore, these results show that under the present study conditions, REE was not significantly affected by a low level of helminth infection; this contrasts with the stimulation of REE observed when infection is accompanied by fever. 21 In addition, no significant differences were observed in the RQ between patients and controls, and during our study. This means that there was no change in the type of fuel used in resting conditions. Awad elKarim reported that schistosomiasis decreased total energy expenditure in adult subjects. 22 In that study the resting energy expenditure was not assessed separately from the activity. It can be speculated that the decreased total energy expenditure was due to a decrease in physical activity, a parameter that was not measured in our study.
We conclude that the deleterious effect of a low level of helminth infection on growth in Gambian children is more likely attributable to a decrease in food intake and in intestinal absorption than to an increase in energy expenditure. This conclusion might not be true in children with a heavier worm load and this issue should be addressed in a different study. 
